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(54) TWO-DIMENSION HUFFMAN CODING METHOD 

(57)Abstract: 

PURPOSE: To reduce a maximum bit length caused in 
the 2-dimension Huffman coding, to simplify the 
hardware and to generate a coding output easy for self- 
synchronization. 

CONSTITUTION: A 16-bit maximum (including a sign 
bit) code word is generated after referencing a table 
based on a set of an amplitude and a run length. Bit 
allocation of the table is implemented by taking an 
incidence probability and quantization of DCT coefficient 
data into account. Furthermore, a generated code word 
including '1 110' for a synchronization pattern as a final 4 
bit pattern is in existence. First and 2nd escape 
sequences are applied to a data word at the outside of 
the table. In the escape sequence in the case of run 

length =0, a coded output whose total bit number is 16 is generated and in the escape 
sequence in the case of run length *0, a coded output whose total bit number is 31 is 
generated. The 31 -bit data are sent while being divided into 15-bit data and 16-bit data. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the record data-processing circuit of the digital video tape 
recorder with which this invention was applied. 

[Drawing 2 ] It is the approximate line Fig. showing bit assignment of the two-dimensional Huffman 
table by this invention. 

[Drawing 3] It is the approximate line Fig. showing an example of bit assignment. 

[Drawing 4] It is the approximate line Fig. showing an example of bit assignment. 

[Drawing 5] It is the approximate line Fig. of the code-conversion table for direct coding. 

[Drawing 6 ] It is the approximate line Fig. of the code-conversion table for direct coding. 

[Drawing 7] It is the approximate line Fig. of the code-conversion table for direct coding. 

[Drawing 8] It is the approximate line Fig. of the code-conversion table for direct coding. 

[Drawing 9] It is the approximate line Fig. of the code-conversion table for direct coding. 

[Drawing 101 It is the approximate line Fig. of a JIGUZAKU scan of DCT multiplier data. 

[Drawing 111 It is the approximate line Fig. showing bit assignment of the two-dimensional Huffman 

table proposed previously. 

[Description of Notations] 

4 DCT Circuit 

7 Quantization Circuit 

9 Amount-of-Data Estimated Machine 

12 Two-dimensional Huffman Table 



[Translation done.] 



i 



JP,06-02 1 830.A [DETAILED DESCRIPTION] Page 1 of 4 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the two-dimensional Huffman coding approach applied 

to the multiplier data generated in DCT. 

[0002] 

[Description of the Prior Art] The digital video tape recorder which records a digital video signal on a 
magnetic tape by the rotary head is known. Since there is much amount of information of a digital video 
signal, high efficiency coding for compressing the transmission amount of data is adopted in many 
cases. Utilization of DCT (Discrete Cosine Transform) is progressing also in various high efficiency 

coding. . 
[0003] DCT changes the image of one frame into the block structure, and is a thing which is a kind ot 
orthogonal transformation about this block and which carries out cosine transform processing (8x8). 
Consequently, the multiplier data of (8x8) are generated. The alternating current component of this 
multiplier data is outputted by UGUZAKU scan in order toward a high region from low-pass, as shown 
in drawing 10 . In one direction flowed data (DC) are transmitted as it is, without carrying out variable 
length coding. After processing quantization, variable length coding of such multiplier data is carried 
out. Two-dimensional Huffman coding is known as one of the variable length coding. This carries out 
the lookup of the Huffman table in the group which consists of a run length (the number of continuation 
of a bit "0"), and amplitude of the multiplier following it, and generates a predetermined codeword. 
[0004] Drawing 1 1 shows bit assignment of an example of a two-dimensional Huffman table. In 
drawing 6 , it is the amplitude of 1 - 1 6 horizontally, and is the run length of 0- 1 5 in front of the 
amplitude perpendicularly. The maximum number of bits of the codeword in a table is 20 bits, if - this 
table ~ not corresponding (a run length, amplitude) - when inputted, it is processed by the escape 
sequence. That is, such an input is encoded by total of the 22-bit code which consists of 6 bits which 
shows an escape code (6 bits) and a run length, 9 bits which shows the amplitude, and a sign binary 
digit. 
[0005] 

[Problem(s) to be Solved by the Invention] Since the maximum number of bits (an above-mentioned 
example 22-bit width of face) is required as a bus line, the direction with little maximum number of bits 
is desirable. Moreover, in the conventional Huffman code, when an error occurs on the way, there is a 
problem of a propagated error it becomes impossible for all the codes after it to decode. 
[0006] Therefore, one purpose of this invention is to offer the Huffman coding approach and equipment 
with as little longest number of bits as possible, without reducing the effectiveness of a Huffman code. 
[0007] Other purposes of this invention are to offer the Huffman coding approach and equipment in 
which a self-synchronization is possible by the big probability at the time of error generating. 
[0008] 

[Means for Solving the Problem] In the two-dimensional Huffman coding approach that this invention 
generates a variable-length codeword with reference to a table from the group of the amplitude of input 
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data, and a run length Run length = It is made to perform the 1st escape sequence in 0, and the 2nd 
escape sequence in case a run length is except zero alternatively. The total bit length m by which the 
total bit length n generated by the 1st escape sequence is generated by nothing and the 2nd escape below 
the maximum bit length in a table is longer than the maximum bit length, and is the two-dimensional 
Huffman coding approach characterized by the thing [ being made smaller than twice ]. 
[0009] 

[Function] The maximum bit length of the codeword specified on a table is shortened more. In that case, 
it is not specified on a table but the range where an escape sequence is applied spreads. On the other 
hand, decline in effectiveness can be prevented by preparing the 1st and 2nd escape sequences. 
[0010] 

[Example] Hereafter, one example of this invention is explained with reference to a drawing. Drawing 1 
shows the configuration of the processing circuit of a video data established in the record side of a 
digital video tape recorder. In drawing 1 , the digitized video data is supplied to the input terminal 
shown by 1. This video data is supplied to the blocking circuit 2. The video data of the sequence of a 
raster scan is changed into the data of the structure of a DCT block of a for example, (8x8) in the 
blocking circuit 2. 

[001 1] The output of the blocking circuit 2 is supplied to the shuffling circuit 3. In the shuffling circuit 
3, the processing which changes a spatial location with the original thing, i.e., shuffling, is made by 
making two or more macro blocks into a unit within one frame so that an error may concentrate and it 
may prevent that degradation of image quality is conspicuous with a drop out, the blemish of a tape, a 
head clog, etc. In this example, it is equal and the shuffling unit and the buffering unit are considered as 
5 macro block. The output of the shuffling circuit 3 is supplied to the DCT (cosine conversion) circuit 4 
and the motion detector 5. From the DCT circuit 4, the multiplier data (namely, multiplier data of the 
direct-current part DC and an alternating component AC) of (8x8) are generated. 
[0012] It is transmitted to a latter circuit, without compressing the direct-current part DC of the 
multiplier data generated in the DCT circuit 4 (8x8), and 63 of the alternating components AC1-AC63 
of it are supplied to the quantization circuit 7 through a buffer 6. The multiplier data of an alternating 
component are transmitted in order as mentioned above toward what has this high in order of a 
JIGUZAKU scan from an alternating component with a low degree. Moreover, the multiplier data of 
this alternating component are supplied also to the AKUTI Beatty detector 8 and the amount-of-data 
estimated machine 9. The buffer 6 has time amount required to determine the suitable quantization 
number QNo with the estimated vessel 9, and the corresponding amount of delay. The quantization 
number QNo from the estimated machine 9 is transmitted to the latter part while it is supplied to the 
quantization circuit 6. 

[0013] Generating of the multiplier data from the above-mentioned DCT circuit y is the case of the DCT 
conversion in a frame, and if there is a motion and it will be detected by the motion detector 5, 
processing of DCT in the field will be chosen by it. That is, the inside DCT of the field changes every 
two DCT blocks of the same location in the 1st and 2nd fields which continue in time of (4x8). It will 
move, if there is a motion between the fields, and if a detector 5 detects, this detection will be answered 
and it will be changed into [ DCT ] the field. While the amount-of-data estimated machine 9 is presented 
with the detecting signal (motion flag) M from the motion detector 5, it is transmitted to the latter part. 
[0014] The alternating component in multiplier data is quantized in the quantization circuit 7. That is, 
division of the multiplier data of an alternating component is carried out by the suitable quantization 
step, and the quotient is integer-ized. This quantization step estimates and it is determined by the 
quantization number QNo from a vessel 9. In the case of a digital video tape recorder, since processing 
of edit etc. is made per the 1 field or one frame, the 1 field or the amount of transaction datas per frame 
needs to become below desired value. Since the amount of data generated in DCT and variable length 
coding changes with the patterns of the object of coding, the buffering processing for making the 
amount of transaction datas of a buffering unit shorter than the 1 field or an one-frame period below into 
desired value is made. A buffering unit is shortened because [ of simplification of a buffering circuit, 
such as reducing the memory space for buffering, ]. 
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[0015] Moreover, the AKUTI Beatty detector 8 is the unit of a DCT block, investigates the amount of an 
alternating current component and generates the 2-bit bitter taste tee BIITI code AT which shows a class 
part opium poppy and its class to four steps for AKUTI Beatty of the DCT block. A detection result 
estimates, a vessel 9 is supplied and the bitter taste tee BIITI code AT is transmitted to the latter part. 
[0016] Variable length coding of the output of the quantization circuit 7 is supplied and carried out to 
the variable-length coding network 1 1 . For example, the Huffman table in which the run length which is 
the number of continuation of "0" of the multiplier data of a code, and the amplitude of multiplier data 
were stored in ROM is given, and the two-dimensional Huffman coding which generates a variable 
length code (coding output) is adopted. The code signal from the variable-length coding network 1 1 is 
supplied to the latter part. 

[0017] In relation to the estimated machine 9, the same Huffman table 12 as being referred to by the 
variable-length coding network 1 1 is formed. This Huffman table 12 generates the number-of-bits data 
of the output code when carrying out variable length coding. The group of the optimal quantization step 
is judged with the estimated vessel 9, and the decision output is supplied to a selector 10. A selector 10 
is controlled so that the quantization circuit 7 quantizes multiplier data in the group of this quantization 
step. The quantization number QNo for identifying the group of a quantization step with this is 
transmitted to the latter part. 

[0018] not illustrating, either ~ in the latter part, the data (direct-current part data, a vanable-length- 
coding output, the quantization number QNo, the motion flag M, the bitter taste tee BIITI code AT) 
generated in above-mentioned processing receive processing of error correction coding, and are further 
changed into the frame structure of record data in a frame-ized circuit. The data of a sink block 
configuration appear from a frame-ized circuit. Record data are supplied to two rotary heads through a 
channel coding network and record amplifier, and are recorded on a magnetic tape. 
[0019] This invention is applied to the variable-length coding network 1 1 and the variable-length coding 
network of the amount-of-data estimated machine 9. More specifically, it is the configuration of the 
Huffman table 12. Drawing 2 shows bit assignment of the Huffman table on which this invention was 
applied. The horizontal direction of drawing 2 is the amplitude of multiplier data, and the perpendicular 
direction is a run length in front of multiplier data. Since this drawing 2 does not contain a sign binary 
digit, when this is added, the maximum number of bits is 16. The coding output of 92 pieces is specified 
in the table of drawing 2 . As for this field specified, the number of bits is specified in consideration of 
the probability of occurrence of the multiplier data after the above quantization. That is, since the 
probability of occurrence of low-pass multiplier data is high as compared with the thing by the side of a 
high region, the quota number of bits is made small. 

[0020] Drawing 3 and drawing 4 show the example of the Huffman table. 95 codewords are prescribed 
by all on the table of drawing 3 and drawing 4 . In drawing 3 and drawing 4 , s expresses a sign binary 
digit, it is the special reserve bit by which R is added to the end of block (EOB), and code length does 
not contain a sign binary digit. Furthermore, the 92 remaining codewords except the 1st and 2nd below- 
mentioned escape codes ESC1 and ESC2 are contained in the table of drawing 2 . 
[002 1] In drawing 3 and drawing 4 , what was set to "sync" by the item of a type has 4 bits of " 1110" for 
self-synchronizations as 4 bits of the last of a codeword. These four bit patterns are not generated except 
4 bit of the last of one codeword. Therefore, if the error flag which shows generating of an error stands, 
propagation of an error can be cut off by looking for four bit patterns of "11 10." 
[0022] Next, an escape sequence is explained. This is divided into two sequences. One of them is run 
length =0, and it is the case of amplitude >16. In this case, a total of 16 bits of the 9 bits and the sign 
binary digit of escape code ESC1= "0001 10" (6 bits) and the amplitude encode. Coding of the amplitude 
is fixed-length direct coding. Run length = as for the data length generated in the escape sequence in 0, it 
is desirable that it is below the maximum bit length so that a transmission rate may not become high. 
[0023] A run length is not 0 and, in besides the table of drawing 2 , the 2nd escape sequence is applied. 
This is 31 bits in total and is divided into a 15 bits segment and a 16-bit segment. The 1st segment is 15 
bits which consists of escape code ESC2= "00010000" (8 bits) and run lengths (7 bits). The 2nd segment 
is 16 bits of the 9 bits and the sign binary digit of escape code ESC1= "0001 10" (6 bits) and the 
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amplitude in total. As for coding of a run length and the amplitude, fixed-length direct coding is applied. 
At the time of transmission, since it is divided into the 1st segment and 2nd segment, it can prevent that 
the bit length of data exceeds 16 bits substantially. 

[0024] As a run length, since a maximum of 63 is assumed, at least 6 bits is required here, and as 
amplitude, since a maximum of 255 is assumed, at least 8 bits is required. Furthermore, in order to make 
it four bit patterns for an above-mentioned synchronization "1110" not generated, these are increasing 1 
bit at a time, respectively. Drawing 5 , drawing 6 , drawing 7 , drawing 8 , and drawing 9 are the code- 
conversion tables of direct coding. According to these code-conversion tables, direct coding of the run 
length or amplitude besides a table is carried out. 

[0025] This invention is applicable also to variable length coding of data word other than the multiplier 

data generated in DCT. 

[0026] 

[Effect of the Invention] According to this invention, the maximum bit length of the codeword generated 
in two-dimensional Huffman coding can be set to 16 (a sign binary digit is included). Therefore, 
hardware is made, such as lessening bit width of face of a bus run length, as it is simple. Moreover, this 
invention has the high probability for the bit pattern for a synchronization to be generated, and is easy a 
self-synchronization, consequently can shorten error propagation. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the two-dimensional Huffman coding approach which generates a variable-length 
codeword with reference to a table from the group of the amplitude of input data, and a run length Run 
length = It is made to perform the 1st escape sequence in 0, and the 2nd escape sequence in case a run 
length is except zero alternatively. The two-dimensional Huffman coding approach that the total bit 
length m by which the total bit length n generated by the 1st escape sequence of the above is generated 
by nothing and the 2nd above-mentioned escape below the maximum bit length in the above-mentioned 
table is longer than the above-mentioned maximum bit length, and is characterized by the thing [ being 
made smaller than twice ]. 

[Claim 2] The two-dimensional Huffman coding approach characterized by selecting to n- 1 5 and m- 
3 1 when the above-mentioned maximum bit length is set to 16 in claim 1 . 

[Claim 3] The two-dimensional Huffman coding approach characterized by having two or more bits for 
a specific synchronization partially in the above-mentioned codeword in the two-dimensional Huffman 
coding approach which generates a variable-length codeword with reference to a table from the group of 
the amplitude of input data, and a run length. 

[Claim 4] The two-dimensional Huffman coding approach characterized by selecting in the bit for 

[ several bits ] the above-mentioned synchronization of the low order of the above-mentioned codeword 

in claim 3. 
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